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(54) Storage system t . 

(57) A multi-host storage system uses the dual port 
feature of a'Fibre Channel to allow multiple computer 
hosts (312, 314) to simultaneously access a cluster of«* 
memory units (301 , 31 5) that are Fibre Channel arbitrat-- . 



ed. Typical multiple host access schemes require an ex-, 
pensive Fibre Channel switch and do not allow simulta- 
neous accessing. The dual port feature of Fibre Channel, 
devices provides for fault/tolerance and redundancy- 
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Description 

The invention pertains to a multi-host information 
storage system architecture Fibre Channel arbitrated 
loops for connecting disk drives. 

Fibre Channel is the general name of an integrated 
set of standards being developed by the American Na- 
tional Standards Institute (ANSI) which defineVhew'pro- 
tocols for flexible information transfer. The Fibre Chan- 
nel Standard addresses the need for very fast transfers 
of large volumes of information, while at the same time 
relieving system manufacturers from the burden of sup- 
porting the various types of channels and networks cur- 
rently focusing on niche requirements. ? " , , ' 
Fibre Channel defines an arbitrated loop topology 
for connecting disk drives to host computers. Figure 1 
shows a block diagram of the cbnhedtJonstedulreci' Be- 
tween a host computer and a plurality of disk drives to 
implement the arbitrated loop topology. Ah<^f ,c^pu^' 
102 has a Fibre Channel controller 104: : The Fibre Chan- 
nel controller 104 controls the disk drives 106, 108, 110, 
1 12 by sending commands such as reads and writes to 
the drives. Each individual drive has a burst data access 
rate and a sustained data access rate. Burst rates can 
be as high as 100 MB/second. Sustained data access 
rates are much lower. By arbitrating between disk 
drives, the combined sustained data access rate of the 
plurality of drives can be as high as the peak rate of 100 
MB/secoridi ^ > v* ''K : -«. y i0 -.. . < 

For reliability and fault tolerance, Fibre Channel de- 
fines a dual port configuration for devices attached to 
an arbitrated loop. The dual port configuration effective- 
ly allows two separate Fibre Channel arbitrated loops to 
be connected to the same cluster of disk drives. Relia- 
bility of the cluster of disks is enhanced because if one 
loop fails for some reason, the other loop can help to 
compensate for the failure. The two separate loops may 
be connected to one controller of a computer host, or to 
two separate controllers of a single computer host. 

It is desirable to be able to access a particular Fibre 
Channel arbitrated loop by more than one host compu- 
ter. Figure 2 shows how this is presently accomplished 
by using a Fibre Channel switch 201 to interface be|> 
tween the host computers 202, 204 and the Fibre Chan- 
nel arbitrated loops 206, 208. The Fibre Channel switch 
and the added interfaces add costs. Another limitation 
of the Fibre Channel switch Is that with a baking switch 
only one cluster of Fibre Channel arbitrated loop disk 
drives may be accessed at a time. 

The present invention seeks to provide improved inr 
formation storage. 

According to an aspect of the present invention, 
there is provided a multi-host information storage sys- 
tem architecture as specified in claim 1 . 

The invention can provide for multiple access to Fi- 
bre Channel devices to obtain greater shared bandwidth 
without adding an expensive switching interface, It is al- 
so possible for more than one computer host to be able 



10 



Vis 



"20 



25 



30 



35 



40 



45 



SO 



55 



, . 1( x it rr,>. 

toaccess different disktiwes^crf^ 
trated loop disk cluster at the same time: to "^Shf* 
The preferred embodiment provides an apparatus 
i \ and a method pf multiple computer host access to Fibre 
Channel arbitrated loops that uses the dual port feature 
of Fibre Channel memory storage units to achieve high- 
er aggregate bandwidth and sharing of ^K'MkerR-^ 
bodiment accomplishes these "attriDufes- without' 'the 1:0 
overhead of an expensive Fibre .Channel, switch. The 
memory storage units of this embb^imenf are geherally q; s 
disk drives. This embodiment allows two different cpm T 
puter hosts to access different dis£ drives units of a giv- ! 
en Fibre Channel arbitrated loop disk drive cluster at the 
"sametime. u'-kh {^s'^^o 

This preferred embodiment includes a mutthh'bst 2n 
storage architecture comprising a plurality pf hosts 
wherein each host has a plurality of *corrtroiler£ EaSfi nH 
one of the host controllers is connected to one of a plu- 
rality! of Fibre Channel arbW^|a|^ V^) 
Channel loops comprises^ ^liirality ofrriemory storage " q 
units. Each of the memory storage units has a plurality 
of datatransferportswhereineachoneofthedatatra^-' :? ^ ' 
fer ports of each memory storage unit js cpnHeJted tSa^ r * 
corresponding data transfer port of the^aci^cbnt rnern^' j " ' 

ory storage unit within each loop: : — - ~ 

An embodiment of the present Mnventioh^ is^de^ (-3) 
scribed below, by way of example only, with reference 
to the accompanying drawings, in which: ^vi: 1 ,.^ a '(YS) 
Figure 1 shows a prior art block diagram of a'host win*) 
computer connected to disk drives through avstandarde * V\-c,d 
^Fibre Channel arbitrated loop., c ; {c \ ( , i c&. c v<.hj yjomc-r i 
Figure 2 shows a prior art block diagram of multiple 
host computers connected to disk drives through a Fibre 
Channel switch and multiple standard Fibre Channel ar- 
bitrated loops. 

;:■ Figure 3 shows a block diagram of the multiple host 
, computer connection to disk drives through preferred 
multiple standard arbitrated loops. 

As shown in the drawings for purposes of illustra- 
tion, the preferred embodiment is a multiple computer 
host architecture wherein'each host has access to a plu- 
rality of Fibre Channel arbitrated loops of memory units. 
: The multiple host access is obtained by using the dual 
| port feature of Fibre Channel memory storage units. 
With the dual ports, either of two hosts may access any 
given memory unit contained within either of two sepa- 
rate Fibre Channel loops. By increasing the number of 
ports, the number of hosts that can access the memory 
! unit will increase Increasing the number of ports also 
increases the number of Fiber Channel loops that a 
memory unit can be contained within. The architecture 
also allows various ones 6f the multiple hosts to access 
different memory units of ;a single arbitrated loop at the 
sametime. 

■ Figure 3 shows a blopk diagram of a preferred em- 
bodiment. The system allows more than one computer 
host to access, a particular Fibre Channel arbitrated loop 
of disk drives without a Fibre Channel switch. 
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As shown in Figure 3, a first cluster 301 of memory 
storage units is formed by a plurality of disk drives 302, 
304. 306, 308. For this particular embodiment, the first 
cluster of memory storage units are connected to two 
Fibre Channel arbitrated loops: Fibre Channel arbitrated 
loop 1a is formed by connecting a first data transfer port 
309 of each of the drives 302, 304, 306, 308 to a first 
controller 310 of a first host computer 312. The other 
Fibre Channel arbitrated loop 1b is formed by connect- 
ing a second data transfer port 31 1 of each of the drives 
302, 304, 306, 308 to a second controller 328 of a sec- 
ond host computer 314. This configuration allows both 
the first host computer 312 and the second host com- 
puter 314 to access different drives within the first mem- 
ory storage unit cluster 301 of the arbitrated loops la, 1 b 
at the same time. 

A second cluster 315 of memory storage units is 
formed by a second plurality of disk drives 316, 318, 
320, 322. For. this particular embodiment, the second 
cluster of memory storage units are connected to two 
Fibre Channel arbitrated loops. Fibre Channel arbitrated 
loop 2a is formed by connecting a first data transfer port 
323 of each of the drives 31 6, 31 8, 320, 322 to a second 
controller 326 of the first host computer 312. The other 
Fibre Channel arbitrated loop 2b is formed by connect- 
ing a second data transfer port 325 of each of the drives 
31 6, 31 8, 320, 322 to a first controller 324 of the second 
host computer 314. This configuration albws both the 
first host computer 312 and the second host computer 
31 4 to access different drives within the second memory 
storage unit cluster 315 of the arbitrated loops 2a, 2b at 
the same time. 

Figure 3 shows four disk drives in the first cluster 
301 and the second cluster 315. However, the number 
of drives in the clusters 301, 315 can be increased. 

The connections between the memory storage units 
and the controllers can be optical or electrical. If the con- 
nections are optical, then typically an optical fiber is 
used. If the connections are electrical, then typically a 
copper based cable is used. Optical fiber allows greater 
physical distance between connections, but is more ex- 
pensive than copper. Fibre Channel specifications de- 
fine the dimensions and characteristics of the cabling or 
fiber to be used. 

The cable or fiber used is connected to the memory 
storage units through the data transfer ports 309, 311, 
323, 325. The data transfer ports 309, 311, 323, 325 
each have both an input and an output. Figure 3 shows 
the input 327 and the output 329 of the first data transfer 
port 309 of the memory storage unit 302. A cluster of 
memory units are Fibre Channel arbitrated loop config- 
ured by connecting the data transfer port output of each 
memory unit to the data transfer port input of a neigh- 
boring memory unit to form a loop. The two memory stor- 
age units at each end of the loop are configured so that 
the input portion of the data transfer port of one of the 
memory storage units (designated the input memory 
storage unit) is connected to an output of a controller 



and the output portion of the data transfer port of the 
other memory storage unit ( designated the output mem- 
ory storage unit) is connected to the-inpuf of the same 
controller. For example; as shown is Figure 3; the two 
s memory units at the end of loop la-are disk'drives 302, 
308. The output of controller 31 0 is connected to the in- 
put 327 of the data transfer pdrt ; 309 of the input merndry 
storage unit 302. The input of controller^ 0 is connect- 
ed to the'biitput 33Vof trie data transfer port 31 3of trie 
10 output memory storage unit 308. The specifics of those' 
connections are defined by the Fibre Channel specific 
cations. 'The inputs and outputs' of v the 'data transfer 
ports, and the dual port'af chitectu i re are def ined by Fibre 
Channel standards. v i -' r :: *) • .:-\. 

1$ Figure 3 depictsan^mbbldimerit iriwhich there are 
only two 'd5^thef--fk)^s-acc»ssiH§'a particular cliisler 
of Fibre 'Channel ''a^rbrtrated' merri6Vy > unitsV > HoweverHt 
can be extended to iriclude more hosts: The 5 number of : * 
hosts tharftave access' to a particular-cluster ; 6f Fibre' 

20 Channel arbitrated drives is limited by the number of da- 
ta transferports on the memory storageUriitsi The mem- 
ory storage units shown irYFigure'3 only have* two ; data ; 
transfer ports'. The number of data 1rahsfet : ^Hs^'¥bw- 
ever, can be increased. Correspondingry/the number^ 

2S computer Hosts-able to* directly access the^cluster : bf* 
memory units increases.' ' ,;5i A W -nrs-cn :s\ \\ KZ y 
Figured depicts ah embo^iment in are' 
only two memory unit clusters'cohneeted tb ; each corn-- 
puter host. However, the number of different clusters 

30 that can be accessed by aparticular computer host can s 
be increased merely by increasing the number of con- 
trollers oh the computer host' r « ; - 

By extending the symmetric usage' of the two pbfTsY 
it is possible to achieve performance i behems 1^30^1116^ 

55 to sharing of Wo'rrrtetiori^ a'single 4 -' 
port of a dual port drivers active arid the other port isMh^ 
passive standby for' fault- t6Iefahce i ' only one test'carv' 
access a particular disk in a loop at a time. The impor-/ 
tance of this-conditidn carvbe ^ illustrated-through the-foP 1 

40 lowing example: As i shown ih' Figu7e 1; v^eri'the corYP 
puter host 102 is^ accessing-a first disk 'drive '106;' all of j 
the other disk drives 108, 110, 1 1 2 are blocked from be* 1 
ing accessed; However^ as'sHo^ ac- ij 
cessing a first disk drive 302 with a first host 31 2 through ' 

45 toopia, VT..-1 
a second disk drive 304 can be accessed by a sec- 
ond host 314 simultaneously through loop 1b.-' 

The disclosures in United^States^pateht appiicatiorv 
no. 08/494,457, from which this application claims pri- 

50 ority, and in the abstract accompanying this application 
are incorporated herein by reference. 5 * " ■>: > 
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Claims v . f ■. 

1. A multi-host information storage system" architec- 
ture comprising: 
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^ first , 
ing. a, plurality of. memory, storage units (302, 
30^306. 308) 1(; each memory storage unit in-" 
c^P&^/i^ datatransj^r port and a second ,^ . t 
data traiislei^pon;. the 'first data transfer ports" \ 
9j a Jj, Jft memory, storage units being interconT , 
9^9^^ J9Hfn- a ir3t\l<^.^). and| the .second! -r 
data. transfer .ports^ptall the^memory storage , " 
units, being interconnected to ^form a second ..■ 

9 > f-f^^^WoO/^tprage unit clyster- (3.1.5) ; ir>, . 
eluding a plurality ofy memory r storage units 
320^22)^ 

including a first data transfer port aniaie^d^*,^ 
cfeta transferpprt, itheJirsj date Jr^e^^s^^f v 
9t alMhe 4 memory storage units ^ being inteVconv^ 1 ^ 

^a^nsfer^ports'of .all.the.mem ^ 
unlts^being. hereon 

a fe tn 9sV(312) includin {f "^. , j? 

^j^WmMnication^th', the first Jopp ((la^and, a F ~ . Z '■' * j 
s ?^nd controllers ; V 

%itoirdjp^^ ^ ;! r -~J : T^t, f 

a^^ond host (SMJnd^ing %fiVstic^trp!ler, , 
(324) in communication with the, second, Jppp^v-.!, . • 

apda^e^idcc^trolte ? 
c ^»on rWj^the fourt^ ; ^ ^"'^11 

2. An architecture as.m claim 1 wherein ,', a . 50 

the first data transfer port of each ofthe memory . P ' K n ^ 
stprag%^njts;insth^firs| f mem^ 
cluster,(^1)rincluding an input^dantoutputji l»Z, , 
*%' n Putptthe^^ , 
pryastprage .units ;is Jn cpmmunicatiw with a V* u 
output of the- first controller; of the first- host ' 

(312);., : B ^i;;^:,;;;;:;; . 

theiputput of, thejrst data port of anpther: } pne^ ? 0 

the mempry^storage: units is inicommunica^ 4a t -, v 
t^wtthan input of the first cpntroller otthe first - " \ 
hGst i (312); 1 and rio^vM i r.fr ,H'3 = ^^^k;^^^? 
the remainingjn ^ I ^ 

%RprtSfa^inXe w rcom 

loop (ia). ?45;'.;:: 

3. An archltetfure^as;^ ' . hr , 
one of.thejoops is a iEibn*£hannel arbitrated lc»p ? / ^ 

-itq srnmo ifc>teoi!(K»« ;, t( r •<,:,. r* .. t t ;u ^ .<■„ , 

4. An architecture^ 3, wherein the so,.. -..], 
transfer ports are interconnected optically.; ;-„. .. ^ } 

5. An architecture as in claim 1, 2 or 3, wherein the 
transfer ports are interconnected electrically. \ r - 

S5 a? 

6. An architecture as in any preceding claim, wherein 
the memory storage units are disk drives. 
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